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Online information

It is important that you check the following webpages regularly:

• Intermediate Mathematics webpage: http://www.maths.usyd.edu.au/u/UG/IM/

• MATH2023 webpage: http://www.maths.usyd.edu.au/MATH2023/

• MATH2023 Canvas site: https://canvas.sydney.edu.au/courses/17315

• Question-and-answer forum for MATH2023 on the Ed site: https://edstem.com.au/

login.

Important announcements relating to Intermediate Mathematics as a whole will be posted on
the Intermediate Mathematics page. On the MATH2023 page you will find the timetable and
the link to the Canvas site. Announcements regarding assessment tasks will be made in Canvas.

Lecturer

The lecturer for this unit is Dr Milena Radnović.

Consultation hour

Monday, 10:30–11:30am in Carslaw 624.

Classes

This unit is taught for 13 weeks, with three lectures and one practice class held each week by
the schedule published at the unit web-page. Starting from the second week, each student will
attend one tutorial class per week.

Tutorials are held in the form of board tutorials. This means that all students will work
on white boards together with the tutor on a problem sheet, which is related to the lectures.
Tutorials are an integral part of the course and rolls will be kept. Mathematics is best learned
by doing problems yourself, so attending tutorials is essential for performing well in the course.

Additional questions for independent study and practice are given as homework.

Resources

All learning materials for this unit such as handwritten lecture notes, tutorial sheets, solutions
to tutorials, and further handouts can be found in the Resources page in Canvas.

Recorded lectures can be found in the Lecture Recordings section in Canvas.

Textbook

Daniel Daners, Real and Complex Analysis, which is available from Kopystop.
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Reference books

• Michael Spivak, Calculus.

• Arthur Mattuck, Introduction to Analysis.

• Ruel V. Churchill, James Ward Brown, Complex variables and applications.

• Walter Rudin, Principles of Mathematical Analysis.

Assessment

There will be:

• one assignment worth 10%,

• two 40 minutes quizzes counting 15% each, and

• one final exam worth 60% of the total assessment.

The quizzes will be held in tutorials in weeks 6 and 12. The better mark principle will not be
applied for the quizzes. If you cannot attend a quiz, you need to apply for special consideration.

The assignment due date is Sunday, 20th October. The assignment must be submitted in
PDF format online via Canvas with Turnitin. Please ensure your submitted pdf is legible and
keep the original version. Note that your assignment will not be marked if it is illegible or
poorly scanned or submitted sideways or upside down. It is your responsibility to check that
your assignment has been submitted correctly. Late assignments will not be marked, except
under special consideration. The maximum possible extension for the assignment is 7 days
(including the weekend). The better mark principle will be used only for the assignment.

There will be a two-hour final exam at a date to be announced, during the official two-week
examination period.

Proposed week-by-week outline

Week 1: Numbers. Foundation of natural numbers, integers, rational, real, and complex
numbers. Incompleteness of rationals and completeness of reals. Infimum, supremum.

Week 2: Sequences and convergence. Limit laws, squeeze law, monotone convergence the-
orem, convergence tests. Euler number,n-th root.

Week 3: Sequences and convergence. Limit superior and limit inferior, subsequences, ac-
cumulation points, Cauchy sequences.

Week 4: Number series. Convergence. Geometric, harmonic, telescoping series and their
convergence or divergence. Series of positive numbers, comparison test.

Week 5: Number series. Alternating series, convergence test. Conditional and absolute
convergence. Ratio and root tests, rearrangement, Cauchy product formula.

Week 6: Power series, part I. Radius of convergence. Ratio test, root test. Cauchy prod-
uct formula for power series.

Week 7: Functions. Limits of functions, characterisation of limits via sequences. Continuity
and differentiability of real and complex functions. Harmonic functions.
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Week 8: Sequences of functions. Pointwise and uniform convergence. Cauchy sequence of
functions. Continuity of the limit function. Differentiability of real and complex functions.

Week 9: Power series, part II. Uniform convergence of power series, Weierstrass test. Con-
tinuity, differentiation and integration using uniform convergence and application to power
series. Uniqueness of power series, analytic functions.

Week 10: Contour integration. Curves in the plane. Integral along piecewise smooth curves.
Fundamental theorem of calculus, primitives and path independence.

Week 11: Contour integration. Existence of primitive. Cauchy’s integral theorem and
Cauchy’s integral formula.

Week 12: Residue and singularities. Isolated singularities and classification. Residues,
residue theorem. Application to calculation of real integrals.

Week 13: Revision.

The unit description

Analysis grew out of calculus, which leads to the study of limits of functions, sequences and
series. It is one of the fundamental topics underlying much of mathematics including differential
equations, dynamical systems, differential geometry, topology and Fourier analysis. This unit
introduces the field of mathematical analysis both with a careful theoretical framework as well
as selected applications. It shows the utility of abstract concepts and teaches an understanding
and construction of proofs in mathematics. This unit will be useful to students of mathematics,
science and engineering and in particular to future school mathematics teachers, because we
shall explain why common practices in the use of calculus are correct, and understanding this
is important for correct applications and explanations. The unit starts with the foundations of
calculus and the real numbers system. It goes on to study the limiting behaviour of sequences
and series of real and complex numbers. This leads naturally to the study of functions defined
as limits and to the notion of uniform convergence. Returning to the beginnings of calculus
and power series expansions leads to complex variable theory: elementary functions of complex
variable, the Cauchy integral theorem, Cauchy integral formula, residues and related topics
with applications to real integrals.

Assumed knowledge: You will need a good working knowledge of the first year differential
and integral calculus units, including the basics of complex numbers, and linear algebra.

Learning outcomes

Students who successfully complete this unit of study will have developed:

1. Conceptual understanding of limit, continuity, differentiation, and integration as well as a
thorough background in variety of techniques and applications of mathematical analysis,
which will be demonstrated by satisfactory performance in most of the following tasks:

• work with limits, convergent and divergent sequences and series and find the sums
of convergent series;

• determine pointwise and uniform convergence of sequences and series of functions
and apply this to integration and differentiation;
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• work with complex functions, including the exponential, power and logarithm func-
tions, and determine differentiability of functions of a complex variable;

• recall and explain the Cauchy Integral Formula, Laurent expansions and the Residue
Theorem and apply them to evaluation of real integrals.

2. Ability to assess problems in the framework of mathematical analysis, to choose among
several potentially appropriate mathematical methods of solution and persist in the face
of difficulty.

3. Skills of presenting complete and mathematically rigorous solutions of problems in math-
ematical analysis, that include appropriate justification for their reasoning.

4. Ability to recognise problems in mathematics, science, engineering and real life that are
amenable to mathematical analysis, and to formulate models for such problems and apply
the techniques of mathematical analysis in solving them.
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